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Description 

This invention relates to cardiac pacing systems 
generally and. in particular, to dual chamber cardiac 
pacing systems for delivering ventricular pacing pulses s 
synchronized to atrial signals so as to benefit patients 
with cardiomyopathy and forms of congestive heart fail- 
ure (CHF). and in particular Hypertrophic Obstructive 
Cardiomyopathy. 

Hypertrophic Obstructive Cardiomyopathy (HOCM) io 
is characterized by a narrowed left ventricular outflow 
tract (LVOT), which causes a significant increase in the 
left ventricular end systolic pressure. The narrowed 
LVOT is caused by an increased thickness of the inter- 
ventricular septum which obstructs blood flow during is 
systole, the time of cardiac ejection. 

Symptomatic improvement of patients with HOCM 
can be obtained in some cases with tiie use of standard 
pharmacotherapy. However, drugs in use for this ther- 
apy have disadvantages which have been cited in the lit- 20 
erature. Likewise, surgical intervention, e.g., septal 
myectomy or mitral valve replacement, is another opti- 
mal treatment However, such surgical treatments can-y 
a significant operative mortality and have not been 
shown to alter the natural history of the disease. See, 25 
"Permanent Pacing As Treatment For Hypertrophic Car- 
diomyopathy," by Kenneth M. McDonald et al., Ameh- 
can Journal of Cardiology, Vol. 68, pp. 108-110, July 
1991. 

The value of dual chamber cardiac pacing and so 
treatment of patients suffering from HOCM has been 
recognized in the literature. Modern multiple-mode, 
dual-chamber cardiac pacemakers are designed to 
maintain AV synchrony for damaged or diseased hearts 
that are unable to do so on their own. For example, a 35 
DDD pacemaker has electrical connections to tx>th the 
atrium and the ventricle, senses electrical signals in 
both chambers of the patient's heart and delivers atrial 
pacing stimuli in the absence of signals indicative of nat- 
ural atria! activation, and ventricular pacing stimuli in the 4o 
absence of signals indicative of natural venf icular acti- 
vation. Such a dual chamber pacemaker maintains the 
AV synchrony of the heart by delivering ventricular pace 
pulses at a controlled AV interval following each atrial 
event. 45 

Studies have indicated tiiat patients suffering from 
HOCM may benefit from a specific mode of dual cham- 
ber pacing wherein a ventricular pacing pulse is deliv- 
ered in timed synchrony witti the sensed or paced atrial 
depolarization. Pacing the right ventricular apex before so 
spontaneous atrio-ventricular conduction activates the 
ventricles is understood to alter the ventricular septal 
activation pattem. Since tiie right ventricle is caused to 
contract first, it pulls the septum toward the right ventri- 
cle thereby reducing tiie LVOT obstruction. ss 

The literature uniformly acknowledges the potential 
advantages of synchronized A-V pacing for HOCM 
patients, stressing the importance of achieving ventricu- 



lar capture. Causing "complete ventricular capture** is 
important to obtain the above-described septal move- 
ment, while selecting tiie longest AV delay that results in 
complete ventricular capture is inportant in order to 
maximize tiie atrial contribution to ventricular filling. See 
WO-A-9524944 (a document failing under Article 54(3) 
EPC) Method and Apparatus For Dual Chamber Car- 
diac Pacing, assigned to Medtronic, Inc.. and the litera- 
ture articles referenced therein. The delivered pacing 
pulse should provide "pre-excitation," i.e., depolariza- 
tion of the ventricular apex before the septum. This 
altered pattern of septal contraction, as well as optimal 
left ventricular filling, is generally recognized as being 
important to this mode of pacemaker treatment. Further, 
it appears to be established that such synchronized AV 
pacing provides HOCM patients a longterm benefit, i.e., 
tiie benefit remains even after cessation of pacing, 
since such AV pacing causes a reduction in the obstruc- 
tion of the LVOT which persists in sinus rhythm after 
cessation of pacing. However, the duration of the benefit 
is not certain. 

The literature suggests that the AV escape interval 
should be set at the longest duration that maintains ven- 
tricular capture at different exercise levels. See tiie 
above-cited McDonald article. It has been suggested 
that the AV escape interval which allows for maximal 
pre-excitation of tiie ventricle by the pacing pulse can be 
selected by determining the AV escape interval that pro- 
duces the widest paced QRS complex duration, as seen 
on a surface electrocardiogram. See "Impact of Dual 
Chamber Permanent Pacing in Patients With Obstruc- 
tive Hypertrophic Cardiomyopathy With Symptoms 
Refractory to Verapamil and b-Adrenergic Blocker Ther- 
apy." by Fananapazir et al.. Circulation, Vol. 8. No. 6, 
June 1992, pp. 2149-2161. 

In tiie referenced WO-application assigned to 
Medtronic. Inc.. tiie pacemaker periodically checks to 
determine a value of intrinsic AV conduction time (AVC) 
and subtracts therefrom a ventricular sense offset inter- 
val (VSO) to get the AV escape interval. After a wave- 
form of the ventricular depolarization resulting from 
complete capture is noted and recorded for comparison, 
tiie AV escape interval is set to a lengtiiened value, 
resulting in one or more ventricular sense events. The 
value of AVC is determined as tiie time difference 
between the atrial event and the sensed R-wave. Fol- 
lowing this, the pacemaker AV escape interval is 
reduced further until tiie pacemaker finds an R wave 
with a waveform that indicates good capture. The differ- 
ence between AVC and the capture value of A-V is 
VSO, and the pacemaker tiiereafter sets 
AV = AVC - VSO . 

TTie prior art techniques for AV synchronous pacing 
of HOCM patients recognize the necessity to periodi- 
cally evaluate the AV delay, or AV escape interval. The 
patient's spontaneous atrio-ventricular conduction time 
generally will change with heart rate, i.e., from rest to 
exercise. Moreover, simultaneous drug treatment such 
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as beta blockers may also modify AV conduction time 
and require renewed evaluation of the AV delay. The 
importance of periodically making an accurate determi- 
nation of the optimized AV interval thus takes on signifi- 
cance. If the AV delay is adjusted to a value which is too 
short, in order to ensure complete ventricular capture, 
the atrial contribution to ventricular filling may be com- 
promised. However, if the AV escape interval is adjusted 
to too great a value, ventricular capture is compromised, 
and there may be episodes of no ventricular pacing or 
the ventricular pace may not contribute the best possi- 
ble reduction of the LVOT obstruction. Accordingly, it is 
important in this therapy to be able to continuously or 
periodically adjust the AV escape inten^l to optimize it 
for HOCM therapy. 

The present invention provides a dual chamber 
pacemaker system, having atrial sense means for sens- 
ing signals from a patient's atrium, ventricular sense 
means fbr sensing verYtricular signals from a patient, 
ventricular pace means fbr generating and delivering 
ventricular pacing pulses to said patient's right ventricle, 
AVasc means for setting and timing an AV escape inter- 
val from the occunence of a sensed atrial signal, and 
sync control means for controlling delivery of ventricular 
pacing pulses at the time out of saki AV escape interval 
in the absence of a sensed ventricular signal, character- 
ized by FFRS. QRS or Ventricular septal pre-excitation 
sense means for detecting FFRSs. QRSs or ventricular 
septal pre-exdtation following delivered ventricular pac- 
ing pulses, further comprising analyzing means for ana- 
lyzing said detected FFRSs, QRSs or ventricular septal 
pre-excitation and determining from variations in said 
detected FFRSs. QRSs or ventricular septal pre-excita- 
tion an indication for acSustment of saki AV escape 
inten/al, saki AVesc means having adjusting means fbr 
adjusting sakl AV escape interval in accordance with 
saki indication. 

This invention thus provkJes an apparatus for 
adjustment of the AV delay for dual chamber pacing 
therapy in patients with HOCM. The apparatus is based 
upon an improved system for determining the optimum 
AV escape interval, including both the means of detect- 
ing data from which the optimum interval can be 
derived, and the operating algaithm for finding an opti- 
mized operating value of AV delay. The terms AV delay 
and AV escape interval (AVesJ are used interchangea- 
bly. 

In a first preferred embodiment, the pacemaker of 
this invention locates the far field R-wave sense (FFRS) 
and utilize data from the FFRS signals for determining 
the optimum AV interval. As is known, the FFRS is a 
representation, or measure of the QRS, but sensed in 
the atrium. More specifically, one embodiment is based 
upon our observation that patients with HOCM and like 
conditions are likely to produce an FFRS which is late 
relative to the delivered ventricular pacing pulse. 
Accordingly, an embodiment of the invention is to adjust 
the AV interval through a series of respective values. 



and measure the time between each ventricular pacing 
pulse and the following FFRS or QRS, i.e.. the VP- 
FFRS or VP-QRS time. The pacemaker determines the 
AVqsc corresponding to the longest VP-FFRS time. 

5 which longest time conesponds to the latest septal acti- 
vation and accordingly represents an optimized value of 
AV escape Intenml. The AVq^c is then reset in accord 
with the determined optional AV value. More specifi- 
cally, the pacemaker incorporates an algorithm for 

w determining the knee of the VP-FFRS or VP-QRS 
curve, and sets the AV inten/al to a value just slightly 
less than the knee. Likewise, the FFRS duration, or 
QRS duration or "width" reaches a maximum value as 
the AV interval is shortened to about the longest value 

75 consistent with good capture. A second embodiment 
thus involves similarly adjusting the AV escape interval, 
e.g., scanning from a relatively high AV value resulting 
in natural ventricular depolarizations, tovrard shorter 
values which result in capture and evoked R-waves. and 

20 measuring corresponding values of FFRS or QRS dura- 
tion. After the duration data is obtained from the scan, 
an algorithm analyzes tine data and detenntnes tiie 
AVosc value corresponding to the breakpoint where 
QRS or FFRS duration reaches a high value plateau. 

2S The invention can be practiced either by adjusting 
AV escape interval when tiie patient presents fbr pro- 
gramming, or when ttie patient is ambulatory. In the 
case of a patient whose pacemaker is in communication 
with a programmer, the algorithm-driving data may be 

30 obtained from tiie ECG as recorded from skin elec- 
trodes which are connected to the programmer; from 
sub-Q electrodes as used in a syncope monitor; or from 
the far field electrogram as recorded from the atrial 
channel of the pacemaker and communicated to tiie 

35 programmer. The programmer collects and displays the 
appropriate data so that tiie physician can inspect it and 
pick the desired AV setting or, alternatively, the pace- 
maker system can automatically select tiie optimum 
setting and present it to the physician as a recom- 

40 mended value. In tiie case of an Implanted pacemaker, 
ttie pacemaker can continuously or periocfically, e.g., 
once a day or more frequentiy. determine a new 
adjusted AV escape interval and override the previously 
programmed value. 

46 Preferred embodiments will now be described by 
way of example only, with reference to the accompany- 
ing drawings. 

Rgure 1 is a perspective representation of a pace- 
maker system according to ttiis invention showing an 

so implantable pacemaker connected to a patient's heart. 
Rgure 2 is a block diagram of a pacemaker system 
according to this invention, showing a pacemaker inter- 
connected with an external programmer and with ECG 
leads. 

55 Rgure 3 is a block diagram of the primary functional 
components of a pacemaker used in the system of tiiis 
invention. 

Rgure 4A is a generalized flow diagram illustrating 
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steps taken in synchronous pacing in accordance with 
this Invention, including adjusting AV escape interval for 
optimizing HOCM therapy: Rgure 4B is a flow diagram 
illustrating the primary steps of a pacemaker routine 
wtilch includes searching to determine a HOCM-opti- 5 
mized AV escape interval. 

Rgure 5A is a representative data plot of QRS or 
FFRS duration as a function of pacemaker AV escape 
interval; Figure 5B is a representative plot of VP-FFRS 
or VP-QRS time interval as a function of pacemaker 10 
escape interval. 

Rgure 6A is a flow diagram illustrating steps taken 
by the pacemaker system of this invention in acquiring 
data for a determination of AV interval adjustment; Fig- 
ure 6B is a flow diagram of a routine for determining is 
optimized AV escape interval from data representative 
of FFRS or QRS duration; Figure 6C is a flow diagram 
of a routine for determining optimized AV escape inter- 
val from data representative of the time interval between 
ventricular pace pulses and evoked QRS or FFRS sig- 20 
nals. 

Rgure 1 illustrates the external configuration of a 
dual chamber pacemaker 6, which is provided with a 
hermetically sealed enclosure 8. typically fabricated of 
biocompatible metal such as titanium. Mounted to the 25 
top of the enclosure 8 is a connector block assembly 1 2, 
which receives electrk:^! connectors located on the 
proximat ends of leads 14 and 16. Lead 16 is an atrial 
pacing lead, carrying two electrodes 20 and 21. Elec- 
trodes 20 and 21 are used both to sense atrial depolari- 30 
zations and to deliver atrial pacing pulses. Atrial pacing 
pulses may be delivered between electrode 20 and 
electrode 21 or between electrode 21 and the housing 8 
of the pacemaker 8. Sensing of atrial depolarizations 
may occur between electrode 20 and electrode 21 or as 
between either of electrode 20 and 21 and the housing 
8 of the pacemaker 6. Also, alternatively. FFRS signals 
may be detected by electrodes placed at other posi- 
tions. e.g., at locations 24, 25. 

Similarly, lead 14 represents a ventricular bipolar 40 
pacing lead, carrying two electrodes 28 and 29. As dis- 
cussed above in conjunction with atrial lead 16, elec- 
trodes 28 and 29 are used to sense and pace the 
ventricle. Ventricular pacing may be acconrplished 
between electrodes 29 and 28 or between electrode 29 45 
and the conductive housing 8 of pacemaker 6. Sensing 
of ventricular signals, including depolarizations (QRS- 
waves) and repolarizations (T-waves) may be accom- 
plished between electrodes 29 and 28 or between either 
of electrodes 29 and 28 and the housing 8 of the pace- so 
maker 6. 

As discussed In the present application, the pre- 
ferred embodiments of the pacemaker 6 operate in a 
DDD or DDDR pacing mode, wherein pacing pulses are 
delivered to both atrium and ventricle and wherein atrial ss 
and ventricular depolarizations are both effective to 
inhibit delivery of the next scheduled pacing pulse in the 
chamber in which they are detected. While the present 



invention is believed optimally practiced in a pacemaker 
operating in DDD pacing mode, in some patients there 
may also be a benefit to operating the device in VDD or 
DVl mode, which provides ventricular pacing pulses 
synchronized only to sensed atrial depolarizations or 
only delivered to atrial pacing pulses, respectively, 
depending upon the specific underlying heart condition 
of the patient. However, DDD mode is expected to be 
the mode most widely used to practice the present 
invention. 

Rgure 2 illustrates the pacemaker 6 in block dia- 
gram form, coupled to a human heart 10. in conjunction 
with an external programmer/display apparatus conre- 
sponding to those typically employed to program mod- 
ern, multi-programmable implantable pacemakers. 
Within the housing of the pacemaker are located tiie 
pacing circuitry 320. which includes circuitry performing 
all of the basic timing, stimulation and sensing functions 
of a cardiac pacemaker and a microprocessor circuit 
302, which controls the timing intervals provided by the 
pacing circuitry 320. Pacing circuitry 320 also includes a 
bidirectional telemetry circuit coupled to an antenna 
334, allowing transmission of infomiation from extemal 
programmer 4 into tfie pacemaker 6 to nrxxdify its param- 
eters and allowing transmission of information from the 
pacemaker 6 to tiie external programmer 4, again gen- 
erally con-esponding to telemetry and programming sys- 
tems presently existing in oommercially marketed multi- 
programmable inplantable pacemakers. 

The programmer 4 also includes a corresponding 
antenna 100 coupled to a telemetry/antenna driver cir- 
cuit 102 which serves to demodulate telemetry signals 
received from antenna 334 of the pacemaker, and to 
apply them in parallel or serial digital format to input out- 
put (t/0) unit 108. where they In turn may be applied to 
a video monitor 112 via graphic interface 110, and/or 
provided to central processing unit 114 and/or printer 
118. Miaoprocessor 114 controls the operation of the 
programmer/display apparatus, and is responsive to 
physician entered commands via keytxjard 1 16. for con- 
trolling programming signals sent to the pacemaker, as 
well as for controlling operation of the video display 1 12 
and printer 118. Also illustrated is an ECG interface 
1 04. coupled to three ECG electrodes 1 06 which can be 
placed upon ttie patient's body. ECG interface 104 pro- 
vides sensed electrograms to input/output device 108. 
where they in turn may be provided to the video display 
1 12, tiie central processing unit 1 14 or tiie printer 118. 
The ECG capability Is used for treatment according to 
this invention for a patient who Is available for initial or 
subsequent programming. 

Rgure 3 Is a block functional diagram of the pace- 
maker illustrated in Rgure 1. as connected to a human 
heart 10. The circuitry illustrated is all located within the 
conductive housing or can 8 of the pacemaker, as Illus- 
trated in Rgure 1, and tiie bipolar leads 14 and 16 are 
illustrated schematically as coupled directiy to the cir- 
cuit. However, of course, in tiie actual device they wouW 
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be coupled by means of removable electrical connec- 
tors inserted in the connector block 12, as illustrated in 
Figure 1. 

The pacemaker is divided generally into a micro- 
contputer circuit 302 and a pacing circuit 320. A pulse 
generator circuit 340 includes a ventricular pulse gener- 
ata circuit coupled to the heart 10 by means of elec- 
trodes 29 and 28 on lead 14, as well as an atrial pulse 
generator circuit coupled to the heart 10 by means of 
atrial electrodes 20 and 21. located on lead 16. Simi- 
larly, pacing circuit 320 includes atrial and ventricular 
sense amplifiers in sense amplifier circuit 360. coupled 
to the atrium and ventricle by means of leads 1 4 and 1 6 
as well. The ventricular sense amplifier provides for 
separate detection and identification of QRS-wave sig- 
nals, in a known manner: it may also provide for detec- 
tion and identification of T-wave signals. The atrial 
sense amplifier provides for respective identification of 
P-waves and FFRS signals. The output circuit 340 and 
sense amplifier circuit 360 may contain pulse genera- 
tors and sense amplifiers corresponding to any of those 
presently employed in commercially marketed cardiac 
pacemakers. Control of timing and other functions 
within the pacemaker circuit is provided by digital con- 
troller/timer circuit 300, which includes a set of timers 
and associated logic. Digital controllerAimer circuit 330 
defines the basic pacing interval of the device, which 
may take the form of an A-A escape interval initiated on 
atrial sensing or pacing and triggering atrial pacing at 
the expiration thereof, or may take the form of a V-V 
escape interval, initiated on ventricular sensing or pac- 
ing and triggering ventricular pulse pacing at the expira- 
tion thereof. Digital controller/timer circuit 330 similarly 
defines the A-V escape inten^l, AVeso discussed In 
detail below. The specific values of the Intervals defined 
are controlled by the microcomputer circuit 302 by 
means of data and control bus 306. Sensed atrial depo- 
larizations and FFRSs are communicated to the digital 
controller/timer circuit 330 on A event line 352; and ven- 
tricular depolarizations (QRS-waves) are communi- 
cated to the digital controller/timer circuit 330 on V event 
line 354. In order to trigger generation of a ventricular 
pacing pulse, digital controller/llmer circuit 330 gener- 
ates a trigger signal on V trig line 342. Similarly, in order 
to trigger an atrial pacing pulse, digital controllerAimer 
circuit 330 generates a trigger pulse on a trig line 344. 

Digital controlter/timer circuit 330 also defines time 
intenmls fbr controlling operation of the sense amplifiers 
in sense amplifier circuit 360. Typically, digital control- 
ler/timer circuit 330 will define an atrial blanking interval 
following delivery of an atrial pacing pulse, during which 
atrial sensing is disabled, as well as ventricular blanking 
intervals following atrial and ventricular pacing pulse 
delivery, during which ventricular sensing is di8at)led. 
Digital controller/timer circuit 330 will also define an 
atrial refractory period during which atrial sensing is dis- 
abled, this refractory period extending from the begin- 
ning of the A-V escape interval following either a sensed 



or paced atrial depolarization, and extending until a pre- 
determined time following sensing of a ventricular depo- 
larization or delivery of a ventricular pacing pulse. 
Digital controller/timer circuit 330 similarly defines a 
5 ventricular refractory period following ventricular sens- 
ing or delivery of a ventricular pacing pulse, which is 
typically shorter than the portion of the atrial refractory 
period following ventricular sensing or pacing. Digital 
controllerAimer circuit 330 also controls sensitivity set- 
TO tings of the sense amplifiers 360 by means of sensitivity 
control 350. In the embodiment illustrated in Figure 3. 
the pacemaker Is provided with a plezo electric sensor 
316 which is intended to monitor patient activity, in order 
to allow provision of rate responsive pacing, such that 
IS the defined padng rate (A-A escape interval or V-V 
escape Interval) increases with increased demand for 
oxygenated blood. Sensor 316 generates electrical sig- 
nals in response to sensed physical activity which are 
processed by activity circuit 322 and provided to digital 
20 controller/timer circuit 330. Activity circuit 332 and asso- 
ciated sensor 316 may correspond to the circuitry dis- 
closed In U.S. Patent Na 5,052.388, issued to Betzold 
et al., and US. Patent No. 4.428,378. cited here to show 
what is known and may be used for this invention. Siml- 
25 lariy, the present Invention may be practiced in conjunc- 
tion with alternative types of sensors such as 
oxygenation sensors, pressure sensors. pH sensors 
and respiration sensors, all well known fbr use in provid- 
ing rate responsive pacing capabilities. Alternatively. QT 
30 time may be used as the rate indicating parameter, in 
which case no extra sensor is required. Similarly, the 
present invention may also be practiced in non-rate 
responsive pacemakers. 

Transnnission to and from the externsd programmer 
35 4 illustrated In Rgure 2 Is accomplished by means of 
antenna 334 and associated RF transmitter and 
receiver 322. which serves both to demodulate received 
downlink telemetry and to transmit uplink telemetry. 
Crystal oscillator circuit 338 provides the basic timing 
40 dock for the drcurt while battery 318 provides power. 
Power on reset circuit 336 responds to initial connection 
of the drcuit to the battery for defining an initial operat- 
ing condition and similarly, resets tiie operative state of 
the device In response to detection of a low battery con- 
45 dition. Reference mode circuit 326 generates stable 
voltage reference and cun'ents for tiie analog circuits 
within the padng circuit 320, while analog to digital con- 
verter ADC and multiplexor circuit 328 digitizes analog 
signals and voltage to provide real time telemetry of car- 
50 diac signals from sense amplifiers 360, fbr uplink trans- 
mission via RF transmitter and receiver circuit 332. 
Voltage reference and bias circuit 326. ADC and multi- 
plexor 328, power on reset circuit 336 and aystat oscil- 
lator circuit 338 may correspond to any of those 
55 presently used In current marketed Implantable cardiac 
pacemakers. 

Microcomputer circuit 302 controls the operational 
functions of digital controller/timer 330, specifying which 
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timing intervals are employed, and controlling the dura- 
tion of the various timing intervals, via data and control 
bus 306. Microcomputer circuit 302 contains a micro- 
processor 304 and associated system clock 308 and on 
processor RAM circuits 310 and 312. respectively. In 5 
addition, microcomputer circuit 302 includes a separate 
RAM/ROM chip 314. Miaoprocessor 304 is interrupt 
driven, operating in a reduced power consunption 
mode normally, and awakened in response to defined 
interrupt events, which may include delivery of atrial and 10 
ventricular pacing pulses as well as sensed atrial and 
ventricular depolarizations. In addition, if the device 
operates as a rate responsive pacemaker, a timed inter- 
rupt, e.g.. every cycle or every two seconds, may be 
provided in order to allow the microprocessor to analyze is 
the sensor data and update the basic rate interval (A-A 
or V-V) of the device. In addition, in a preferred embod- 
iment of the invention, the microprocessor 304 may also 
sen^e to define variable A-V escape intervals and atrial 
and ventricular refractory periods which may also 20 
decrease in duration along with decreases in duration of 
the basic rate interval. Specifically, the microprocessor 
is used to carry out the routines illustrated in Figures 
4A, 4B and 6A-6C. 

The illustrated circuitry of Figure 3 is merely exenv 2s 
plary, and corresponds to the general functional organi- 
zation of most microprocessor controlled cardiac 
pacemakers presentiy commercially available. It is 
believed that the present invention is most readily prac- 
ticed in the context of such a device, and tiiat the 30 
present invention can therefore readily be practiced 
using the basic hardware of existing microprocessor 
controlled dual chamber pacemakers, as presentiy 
available, with the invention implemented primarily by 
means of modifications to the software stored in the 3S 
ROM 312 of tiie microprocessor circuit 302. However, 
the present invention many also be usefully practiced by 
means of a full custom integrated circuit, or any combi- 
nation of hardware and software. 

Referring now to Figure 4A. tiiere is shown a gener- 40 
alized flow diagram of steps taken by a pacemaker sys- 
tem in accordance with this invention in performing 
synchronous pacing, with adjustment of M^sc fof opti- 
mal HOCM therapy. The steps of this flow diagram are 
suitably carried out by microcomputer circuit 302. This 4S 
is a simplified flow diagram setting forth only st^s per- 
tinent to controlling AV^ac. and does not include many 
otiier steps and responses tiiat occur during each cyde 
of a typical dual chamber pacemaker. The illustrated 
logic of Figure 4A recognizes that the intrinsic AV con- so 
duction time following an atrial pace pulse is greater 
than following a sensed atrial depolarization, by an 
amount descrtoed as "atrial sense offset", or ASO. The 
AVosc following an atrial pace is defined as PAV; the 
AVesc following an atrial pace is defined as PAV; the ss 
AVqsc following an atrial sense is defined as SAV; and 
PAV = SAV + ASO. 

At block 401, the routine of Fig. 4A is waiting for 



what is expected to be an atrial event. When an event 
occurs, the routine goes to block 402 and determines 
whether there has been timeout of the atrial escape 
interval, A^sc- yes, this indicates that an atrial pace 
(AP) should be delivered, and tiiis is done at block 404. 
Following this, the routine sets AV^ to PAV, and initi- 
ates timeout of AVesc Returning to 402, if tiiere has 
been no timeout of A^sc. the pacemaker proceeds to 
408, and determines whetiier tiiere has been an early 
ventricular sense (VS). If yes, the routine branches to 
block 409 and resets the timing appropriately, whereaf- 
ter It returns to block 401. However, as would normally 
be the case, if at 408 ttie event is not a VS, meaning that 
it has been an atrial sense (AS), the routine proceeds to 
block 410 and sets AVesc to tiie current value of SAV. 
Following tiiis, the routine goes to 41 2 and initiates time- 
out of the atrial escape interval (Aesc). and timeout of 
tiie AV escape interval, AVesc (either SAV or PAV). 
Then, at 414, tiie pacer waits for the next event, nor- 
mally a ventricular event. 

At 41 5. the pacemaker responds to an event by first 
determining whether tiie event was a timeout of AVqsc- 
noy meaning that there was a ventricular sense, ttie 
pacemaker proceeds to block 417 and resets PAV and 
SAV to a shorter value which ensures capture by tiie 
next ventricular pace pulse. For example, each of these 
values can be deaemented by 20 or 50 ms, to ensure 
that succeeding timeouts of AV^sc occur early enough 
for complete capture. It is to be noted, however, that tiie 
algorithms discussed below are designed to avokl an 
occurrence of VS, such that the pacemaker shouW 
rarely take tiiis path. 

H at 415 there has been a timeout of V^sc. then tiie 
pacemaker proceeds to block 418 and delivers a V 
pace. Then, at block 419, the pacemaker determines 
whether it is programmed to go into the AV adjust rou- 
tine. If no, ttie routine is done and it exits back to 401 . If 
yes, the pacemaker goes to tiie adjust AV routine at 
block 420. Here, the pacemaker analyzes collected 
data. e.g.. VP-FFRS time; FFRS duration; or FFRS or 
QRS amplitude. Witti this data in hand, the pacemaker 
system can adjust the values of PAV and SAV. in 
accordance with a predetermined algorithm for chang- 
ing AV93C so as to optimize resultant pre-excitation. Fol- 
lowing this, ttie routine returns to block 401 and waits for 
the next atrial event 

Note that tiie pacemaker can be programmed for 
automatically monitoring AV data and adjusting AV^sc 
each pacemaker cycle, or tiiese steps can be taken on 
some otfier periodic or user-programmed basis, within 
the scope of the invention. For an implanted pacemaker 
which is set to automatically adjust AV, the pacemaker 
goes directly to 420. Similarly, for a pacemaker system 
in accordance with tiiis invention which is adapted to be 
programmed specifically by a physician, tiie routine 
exits unless the programming sequence has been acti- 
vated. 

Rgure 4B is a simple flow diagram of the primary 
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Steps of an adjust AV routine that includes a "search", or 
scan, whereby AV^sc is varied in accord with a predeter- 
mined program. At block 426. the pacemaker system 
monitors the data from which an indication of AV optimi- 
zation Is derived, e.g. FFRS duration or VP-FFRS time. 
Following this, at 427. the monitored data is analyzed 
and a decision is made as to whether the AV delay 
requires adjustment based upon the monitored data. 
Specific embodiments of this determination are set forth 
in Figs. 6A-6C. The routine then branches to 428 and 
adjusts the value or values of AV delay. However, if no 
adjustment is indicated, the routine proceeds to 429 and 
determines whether AV search is to be undertaken. If 
no, the routine exits, but if yes the routine goes to block 
430 and carries out a search whereby typically the AV 
escape interval is Incremented cyclically or every n 
cycles toward a value corresponding to the patient's 
Intrinsic conduction. For example. AVgec can be incre- 
mented 5 ms every cycle, or every n cycles, until either 
fusion is detected, or there is a ventricular sense. Rgure 
6A gives a specific example of a search. 

Referring now to Figure 5A, there is shown a plot of 
data representative of QRS or FFRS duration (ms) as a 
function of pacemaker AV escape intenml (ms). It is to 
be noted that a particularly reliable measure of QRS 
duration can be obtained from the FFRS signal In and 
around the "fusion" range between full capture by the 
pacing pulse, and ventricular sense. As is seen in Fig- 
ure 5A, the QRS duration is relatively low at higher AV 
intervals which are greater than the patient's Intrinsic 
PR conduction time, i.e.. where a VS occurs before 
timeout of Mq^. However, as AVq^c is shortened, it 
comes Into a fusion area where QRS increases up to a 
knee value (illustrated at about 1 50 ms); at shorter inter- 
vals, where a VP results in full capture. QRS duration is 
substantially constant. The portion between full capture 
and failure to capture is termed the fusion area, or 
range, and the ability to detect duration changes in this 
area, as seen from FFRS signals, provides the basis for 
one en^odiment of this invention. Although Rgure 5A 
illustrates QRS data, the FFRS data con'esponds 
directly, and in particular Is characterized by the same 
knee, or breakpoint, between the fusion range and the 
lower full capture range. The knee is seen to be at the 
onset of fusion. 

Referring now to Rgure 5B. there Is shown a plot of 
the time between a delivered ventricular pacing pulse 
(VP) and the sensed FFRS. I.e., Dt = VP - FFRS . The 
VP-FFRS duration is measured from the time of delivery 
of the ventricular pacing pulse to the time when the 
leading edge of the FFRS is detected to rise to a prede- 
termined threshold amplitude. The variation of VP-QRS 
follows the same form, i.a. the duration is longest corre- 
sponding to short AV intervals when the delivered pac- 
ing pulse captures the heart, and drops during the 
fusion range. What is important Is that the At/AV curve 
exhibits the same knee characteristic as seen in the 
QRS/AV curve of Fig. 5A. As used herein, the phrase 



"VP-FFRS knee" refers to the point on the VP-FFRS vs. 
AV interval curve where VP-FFRS starts to drop from its 
maximum value toward lower values at higher AV inter- 
vals. 

5 Refen'Ing now to Rg. 6A. there is shown a flow dia- 
gram of more detailed steps for carrying out a search 
routine to obtain data from which an adjusted SAV is 
determined. At 515. the pacemaker system determines 
whether the ventricular event has been a V sense. If no. 

10 meaning that a ventricular pace pulse was delivered, 
the routine goes to block 535 and determines whether a 
search flag has been set. If no, meaning that no search 
is currently In operation, the routine goes to block 536 
and determines whether to initiate a search. A search 

IS may be triggered either by an external program signal, 
or by a signal generated automatically by the pace- 
maker, e.g. after a predetermined number of cycles or a 
predetermined amount of time. If no search is Indicated, 
the routine exits. However, if a search is indicated, at 

20 529 the pacemaker first decrements the AV delay by a 
small Increment A2. to provide that the search starts at 
an AV delay which Is safely short of the fusion area. Fol- 
lowing this, at 537 the search flag is set. 

Returning to 535. if it is found that the search flag is 

2S set. the routine goes to block 540 takes initial steps for 
obtaining data. For an embodiment which uses VP- 
FFRS time, the pacer starts a clock to time out the time 
from the delivered ventricular pace pulse to the 
detected FFRS. The pacemaker also generates a sense 

30 window connected through control 350 for a predeter- 
mined duration adjusted to exclude the T-wave, e.g. up 
to 300 ms. The sense window acts on the atrial sense 
amplifier, and the FFRS is channeled through line 352 
to circuit 330. where it is detected as shown at flow 

35 block 542. Following this, at block 544. the pacemaker 
system gets and stores the value of the applicable 
parameter. e.g.. VP-FFRS time (T^J- Thus, the time is 
obtained from the clock which had been set at 540. and 
the variable Tf^x ^ored. In the embodiment where the 

40 wkith of the FFRS signal is utilized, tiiis widtii is 
obtained from the FFRS signal and stored. In the 
embodiment where the amplitude of the FFRS is uti- 
lized, the amplitude is obtained and the variable Anx is 
stored. 

45 The steps 542. 544 of sensing and processing tiie 
FFRS signal are accomplished by standard hardware, 
preferably also using digital processing techniques. For 
getting the time of VP-FFRS, a standard edge detector 
may be utilized in circuit 330 to sense when tiie leading 

50 edge of the FFRS signal has reached a predetermined 
level, or has inaeased by a predetermined percentage. 
For determining widtii. or duration, ttie signal is proc- 
essed to determine when it first rises to a predeter- 
mined level, and when it falls back below such level. And 

55 amplitude is measured by eittier a simple peak detector, 
or otiier standard amplitude detection circuitry. These 
standcird circuits may be supplemented or replaced by 
known digital processing techniques, carried out vinth 
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the aid of microprocessor system 302. 

Following the operations at 544, the routine goes to 
545 and determines whether the variable X has reached 
a maximum. This variable corresponds to the number of 
cycles that data has been taken at the same AV value. 
If X has not yet reached X^ax. 5, the routine incre- 
ments X at 546. If X does equal X^ax. the routine sets X 
equal to 0 at block 548, and at block 560 increments the 
value of AV|g, setting AV |^ = AV + A3 » where A3 is a 
predetermined increment, e.g. 2 or 5 ms. At 561 , N is 
incremented by 1, for purposes of accurate storage at 
block 544. In this manner. X measurements can be 
taken at N representative search values of AVqbc. 

Returning to step 515» if a V sense is detected, AV 
is immediately decremented at 528. e.g., by A2 s 20 ms, 
to prevent further cycles without pacing capture. At 552, 
the system determines whether the search flag has 
been set If no, this means that there has been a V 
sense without a search, and the routine exits. If yes, this 
means that AV has been lengthened to the point where 
capture is lost. The search flag is reset at 554, and the 
variable N is set equal to 0 at 555. Then, at 560, the sys- 
tem initiates the Rnd SAV routine, as described more 
fully in the embodiments of Rgures 6B and 6C. Initiation 
of the Find SAV routine may be done automatically 
within tine pacemaker, or the data can be downloaded to 
tiie programmer for analysis and determination of an 
optimum value of SAV. 

Referring now to Figure 6B, there is shown a first 
embodiment of the Rnd SAV routine 560 for obtaining 
an adjusted SAV as a function of FFRS width (duration). 
At 601, the average width value (Wn) corresponding to 
tiie X values of each AV|^ during the search is deter- 
mined. This may be done by any suitable processing 
technique, preferably obtaining a sample rolling aver- 
age. Following this step for each value of N, resulting in 
M values of average width, the variable N is set equal to 
1 at 602. At 604 tiie pacemaker compares tiie difference 
of W^-Wn+i against a predetermined increment A. This 
step thus determines whetiier the QRS width (Wn+i). 
as represented by the measured FFRS widtii, is signifi- 
cantly shorter than tiie value at the next shorter AV 
interval (W^). To allow for jitter and timing vagaries, the 
algorithm preferably is set to determine a substantial 
change in widtii as being only greater than A, e.g. 15 
ms. If such a differential is not found, the routine goes to 
605 and determines whetiier N has stepped through the 
maximum number of values for which data is available, 
i.e.. N = M . If no, at 607 N is incremented by 1 and the 
routine returns to step 604. At the point where tiie differ- 
ential between adjacent AV values exceeds A, the rou- 
tine branches to block 608 and determines a new SAV 
to be equal to tiie just prior value of AV, i.e. SAV (N - 1). 
Following this, the determined value of SAV is displayed 
at 610. Alternatively, for an implanted pacemaker, the 
new value of SAV can be automatically adopted. 

Referring back to the illustrative plot of Rgure 5A, 
for tills data the algorithm of Fig. 6B proceeds to the 



point where it determines that tiie AV interval of about 
160 ms is Uie first to have an averaged width which falls 
outside the allowed range, i.e.. the differential of AV|sj+i 
to AV|si is greater than A. The algorithm then assumes 
5 that the AV interval of about 150 ms, AV(N), is an opti- 
mum point, and subtracts one AV inten^al increment to 
obtain AV (N-1), at approximately 140 ms. By tiiis 
means, an AV value at or just less than the knee is 
determined. 

10 Refenring now to Fig. 6C, there is shown a flow dia- 
gram tiiat corresponds to Figure 68. but which deter- 
mines the optimum value of SAV in terms of T^. the time 
between the ventricular pace pulse and tiie evoked 
response as detected tiirough tiie FFRS (VP-FFRS). At 

75 block 620, the average of T^ is obtained from the X 
measured values corresponding to each value of N. 
This produces an array of values of Tf^ corresponding to 
the M different values of AV^ utilized during tiie search 
routine. Following tiiis, at 622 the variable N is set equal 

20 to 1 . At 624, Tfg is compared to T^^,^ , to see if the differ- 
ence is greater than a predetermined increment A Note 
tiiat as AV interval inaeases, the system is looking for 
tiie knee corresponding to a decrease in T^. When tills 
decrease first exceeds the predetermined increment. 

25 this indicates the onset of fusion, and tiie routine 
branches to block 628 and sets SAV equal to SAV(N-I). 
The premise in this subroutine is tiie same as for Figure 
6B, i.e. , the first AV interval which corresponds to a sub- 
stantial decrease in time is just down the slope from tiie 

30 knee. Accordingly, selecting the just prior value of AV. 
corresponding to Tn+i. represents a factor of safety. It is 
seen that if no interval difference as computed at 624 
exceeds tiie predetermined inaement tiie routine loops 
continuously until N = M . at which time the information 

35 is displayed. The physician can inspect this data and 
choose from it an optimum value of SAV. 

There has thus been disclosed a pacemaker sys- 
tem for dual chamber synchronous pacing optimized for 
cardiomyopattiy therapy, and particularly for HOCM 

40 therapy. In a prefened embodiment of this invention, tiie 
pacemaker system detects tiie FFRS and processes 
tiie signal to determine at least one characteristic 
thereof. The system collects data representative of a 
selected FFRS characteristic or several characteristics. 

45 over a range of values of AV escape interval, which val- 
ues include the fusion range or zone. The FFRS charac- 
teristic is suitably VP-FFRS time; FFRS duration; or 
FFRS amplitude; or any combination of tiiese variables. 
Thus, the parameter for determining AV may be X, 

50 where X = fn (amplitude) + f n (duration) + fn (timing) . 
In anotiier embodiment of the system of this invention, 
tiie R-wave may be monitored directly and a character- 
istic derived from it, e.g. amplitude or VP-QRS time, in 
which case the system utilizes these characteristics in 

55 the same manner to determine the optimum adjustment 
of AV escape interval. 

The novel technique of using the FFRS to deter- 
mine optimal AVqsc has been illustrated with tiie pre- 
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ferred embodiment of scanning, or searching to 
determine the "knee" also sometimes called the bend- 
ing point of the VP-FFRS curve, from which a new value 
of AVqsc is determined. However, the pacemaker of this 
invention further includes monitoring an FFRS charac- 
teristic. e.g.. VP-FFRS time, or VP-QRS time, to deter- 
mine when operation may be in the fusion range. Thus, 
referring back to Fig. 4B. the monitored data can simply 
be inspected each cycle to see whether there has been 
a deaease in the interval, i.e., whether a shortening of 
the VP-FFRS duration indicates the onset of fusion. In 
this case, e/en though no search as such has been con- 
ducted in order to determine the knee, the pacemaker of 
this invention senses the onset of fusion and adjusts 
AVesc by shortening it. The scope of the Invention thus 
embraces ongoing cyclical monitoring of an FFRS char- 
acteristic, as well as searching to acquire batch data 
from which an accurate determination of the knee Is 
obtained. 

It is further noted that the system as claimed can 
utilize a number of different configurations. Thus, an 
implantable pacemaker used in this invention can con- 
tain hardware and/or software for control of AVe^c upon 
command from an external programmer; upon com- 
mand from a "patient activator"; automatically, based on 
internal logic, e.g., elapsed time or number of pace- 
maker cycles; or based on some other parameter or cri- 
teria being met, e.g., change in one or more sensor 
levels. Also, the practice of the Invention embraces the 
use of an external pacemaker and the like, and available 
technology for transmitting data to and from the patient 
location. 

Claims 

1. A dual chamber pacemaker system, having atrial 
sense means for sensing signals from a patient's 
atrium, ventricular sense means for sensing ven- 
tricular signals from a patient, ventricular pace 
means for generating and delivering ventricular 
pacing pulses to said patient* s right ventricle, AVesc 
means for setting and timing an AV escape interval 
from the occunrence of a sensed atrial signal, and 
sync control means for controlling delivery of ven- 
tricular pacing pulses at the time out of said AV 
escape interval in the absence of a sensed ven- 
tricular signal, characterized by FFRS. QRS or ven- 
tricular septal pre-excitation sense means for 
detecting FFRSs, QRSs or ventricular septal pre- 
excitation following delivered ventricular pacing 
pulses, further comprising analyzing means for 
analyzing said detected FFRSs, QRSs or ventricu- 
lar septal pre-excitation and determining from vari- 
ations in said detected FFRSs, QRSs or ventricular 
septal pre-excitation an optimised value of said AV 
escape interval, said AV^gc means having adjusting 
means for adjusting sad AV escape interval in 
accordance with said optimised value. 



2. The pacemaker system as described in claim 1 . 
comprising timing means for timing the respective 
time intervals between delivered ventricular pacing 
pulses and the timing of following detected FFRSs, 
5 QRSs or ventricular septal pre-excitation and 
wherein said analyzing means has determining 
means for determining said optimised value from 
said time intervals. 

10 3. The pacemaker system as desaibed in claim 1. 
wherein said analyzing means has means for deter- 
mining the AVqsc interval which approximately cor- 
responds to the knee-point of said time interval 
sequence of detected FFRSs. QRSs or ventricular 

IS septal pre-excitatlons, said knee-point being a point 
on relevant parameter versus AV curves occurring 
at the onset of fusion. 

4. The pacemaker system as described in claim 1 , 2 
20 or 3 conrprlsing duration means for determining the 
durations of detected FFRSs, or QRSs and wherein 
said analyzing means has means for determining 
said optimised value from said durations. 

25 5. The pacemaker system as described in claim 1 . 2. 
3 or 4 wherein said AV^qc means comprises AV 
search means for periodically increasing said AV 
escape interval from a value at which a ventricular 
pace pulse achieves complete capture toward a 

30 value at which a ventricular pace pulse fails to 
achieve complete capture. 

6. The pacemaker system as desaibed in claim 5, 
wherein said analyzing means has timing means 

35 for determining a VP-FFRS or VP-QRS or pre-exd- 
tation knee which corresponds to a particular value 
in the series of AV escape intervals so searched. 

7. The pacemaker system as described in claim 6, 
40 wherein said adjusting means comprises means for 

shortening said AV escape interval to a value less 
than tiie AV escape interval con-esponding to said 
taiee. 

45 8. The pacemaker system as described in any pre- 
ceding claim, comprising search means for varying 
said AV escape interval through respective values 
tiiereof in accord with a predetermined search pat- 
tern, and wherein said analyzing means comprises 

50 data means for collecting FFRS, QRS or ventricular 
septal pre-excitation data representative of at least 
one predetermined FFRS, QRS or ventricular sep- 
tal pre-excitation characteristic corresponding to 
each value of AV escape inten^al within said 

55 search. 

9. The pacemaker system as described in claim 8. 
wherein said analyzing means further comprises 
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fusion means for analyzing said collected data to 
determine a value of AV escape interval corre- 
sponding to the breakpoint between full capture 
pacing and fusion. 

10. The pacemaker system as described in claim 8. 
comprising programmer means for programming 
initiation of said search means to carry out said 
search pattern. 

11. The pacemaker system as described in claim 8, 
comprising external programmer means having 
said analyzing means, and telemetry means for 
telemetering said data to said external programmer 
means. 

12. The pacemaker system as described in claim 8, 
wherein said predetermined FFRS, QRS or ven- 
tricular septal pre-excitation characteristic is FFRS, 
QRS or ventricular septal pre-excitation duration, 
and comprising means for comparing the FFRS, 
QRS or ventricular septal pre-excitation duration 
value at a given AV escape interval to the FFRS, 
QRS or ventricular septal pre-excitation duration 
value conresponding to the next shorter value of AV 
escape interval, and for determining the shortest 
value of AV escape interval at which said compari- 
son produces a difference greater than a predeter- 
mined fector. 

13. The pacemaker system as described in claim 1, 
wherein said analyzing means comprises means 
for determining the longest AV escape interval cor- 
responding to the occurrence some degree of 
fusion and for providing an indication of an AV 
escape interval just shorter than said correspond- 
ing interval. 

14. The pacemaker system as described in claim 1 . fur- 
ther comprising atrial pacing means for delivering 
atrial pacing pulses, and wherein said AV^sc means 
sets and times an AV escape interval from the 
occurrence of a delivered atrial pacing pulse. 

15. A dual chamber pacemaker system as set forth in 
claim 1 , further characterized by having: 

AV varying means for varying said AV escape 
interval in accord with a predetermined search 
pattern, 

measure means for detecting a measure of 
QRS waves evoked by a delivered ventrfoular 
pulse at said varied AV escape intervals, 
programmable batch data means for collecting 
data representative of respective QRS meas- 
ure signals and corresponding values of AV 
escape interval, 

programmable analyzing means for analyzing 



said collected data to determine a value of AV 
escape interval corresponding to the onset of 

fusion, and 

said AV escape means having adjusting means 
5 for adjusting said AV escape interval as a func- 

tion of said determined value of AV escape 
interval corresponding to the onset of fusion. 

16. The pacemaker system as described in claim 15, 
10 wherein said t>atch data means comprises means 

for collecting data representative of the duration of 
evoked QRS signals at respective escape intenmls. 

17. The pacemaker system as described in claim 16, 
IS comprising FFRS means for detecting FFRS sig- 
nals from the sensed signals from the patient's 
atrium, and wherein said analyzing means has 
means tor analyzing said FFRS signals to deter- 
mine a measure of QRS duration. 

20 

18. The pacemaker system as described in claim 15, 
wherein said batch data means comprises means 
for collecting data representative of the amplitude of 
evoked QRS waves. 

25 

19. The pacemaker system as described in claim 18, 
comprising FFRS means for detecting FFRS sig- 
nals from said sensed signals from the patient's 
atrium, and wherein said analyzing means com- 

30 prises means for analyzing said FFRS signals to 
determine a measure of QRS duration. 

2a The pacemaker system as described in claim 15, 
wherein said batch data means comprises means 
35 for collecting data representative of the time inter- 
vals between delivered ventricular pace pulses and 
resulting evoked QRS signals con-esponding to a 
plurality of values of AV escape intenal. 

40 21. The pacemaker system as desaibed in claim 20. 
wherein said batch data means comprises means 
for detecting FFRS signals, and wherein said ana- 
lyzing means comprises means for determining 
time intervals from delivered ventricular pacing 

45 pulses to said FFRS signals. 

22. The pacemaker system as described in claim 15, 
wherein said system further comprises an extemal 
programmer means for activating said batch data 

50 means and said analyzing means. 

23. The pacemaker system as described in claim 22, 
further comprising external ECQ leads for providing 
the signals to said atrial sense means and said ven- 

55 tricular sense means. 

24. The pacemaker system as described in claim 22, 
further providing telemetry means for transferring 
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said collected data to said programmer. 

25. A dual chamber pacemaker system, as set forth In 
claim 1, wherein the time duration between a deliv- 
ered ventricular pacing pulse and a following s 
evoked QRS are measured by a timing means and 
a correspondence determined between a varied AV 
escape interval varied according to a predeter- 
mined variation pattern and said time duration, and 
further comprising: 



ventrikuldre Stimuli erimpulse. sowie ferner eine 
Analysiereinrichtung zum Analysieren der erfaBten 
FFRS- Oder QRS-Ereignisse Oder Ventrikuiarsep- 
tal-Vorerregungen und zum Bestimmen eines opti- 
mierten Wertes fur das AV-Escapeintervall aus 
Schwankungen in den erfaBten FFRS- Oder QRS- 
Ereignissen Oder Ventrikuiarseptal-Voren-egungen, 
wobei die AVesg-Einrichtung eine Einstelleinrich- 
tung zum Einstelten des AV-Escapeintervalls ent- 
sprechend dem optimierten Wert aufweist. 



analyzing means for analyzing the said time 2. Schrittmachersystem nach Anspruch 1 mit einer 

duration measures to determine a value of AV Zeitsteuereinrichtung zur Zeitsteuerung der jeweili- 

escape interval corresponding to the onset of gen Zeitintervalle zwischen abgegebenen ventriku- 

fu3ion. 15 Idren Stimutierimpulsen und dem Zeltpunkt 

nachfolgender erfaBter FFRS- oder QRS-Ereig- 

26. The pacemaker system as described in claim 25. nisse oder Venlrlkuiarseptal-Vorerregungen. wobei 
wherein said timing means is operative continu- die Analysiereinrichtung eine Bestimmungseinrich- 
ously each pacemaker cycle having a delivered tung zum Bestimmen des optimierten Wertes aus 
ventricular pacing pulse, and said adjust means 20 den Zeitintervallen aufweist. 

adjusts the value of AV escape interval upon a 

determination of onset of fusion. 3. Schrittmachersystem nach Anspruch 1 . wobei die 

Analysiereinrichtung eine Einrichtung zum Bestim- 

27. The pacemaker system as described in claim 25. men des AVesc-'ntervalls aufweist. das im wesentii- 
comprising programmer means for enabling said 25 chen dem KniepunW der ZeltintervalHblge von 
timing means and said analyzing means. erfaBten FFRS- oder QRS-Ereignissen oder Ventri- 

kuiarseptal-Vorerregungen entspricht. wobei der 

28. The pacemaker system as described in claim 27. Kniepunkt ein beim Einsetzen von Fusionen auftre- 
comprising EGG leads connected from said patient tender Punkt auf Kurven ist, in denen ein relevanter 
to said atrial sense means and sakl ventricular 30 Parameter Ober der AV-Zeit aufgetragen ist. 
sense means. 

4. Schrittmachersystem nach Anspruch 1. 2 oder 3 

29. The pacemaker system as described in claim 27, mit einer Zeitdauerelnrichtung zum Bestimmen der 
comprising telemetry means for transmitting data Zeitdauer erfaBter FFRS- oder QRS-Ereignisse, 
representative of said measures of time duration to 35 wobei die Analysiereinrichtung eine Einrichtung 
saki programmer. 2:um Bestimmen des optimierten Wertes aus den 

Zeitdauern aufweist. 

PatentansprQche 

5. Schrittmachersystem nach einem der Anspruche 1 
1. Zweikammer-Schrltlmachersystem mit einer atrial- 40 bis 4, wobei die AVesc-Snrichtung eine AV-Such- 

len Wahrnehmeinrichtung zum Wahrnehmen von einrichtung aufweist, die das AV-Escapeintervail 
Signalen aus dem Atrium eines Patienten, einer von einem Wert, bei dem ein ventrikuiSrer Stimu- 
ventrikuiaren V\fahmehmeinrichtung zum Wahrneh- lierimpuls eine vollstandige Mitnahme bewirkt. peri- 
men von ventrikuiaren Signalen des Patienten, odisch in Richtung eines Wertes erhoht, bei dem 
einer ventrikuiaren Stimuliereinrichtung zur Erzeu- 4S ein ventrikuiarer Stimulierimpuls keine vollstandlge 
gung und Abgabe von ventrikuiaren Stimulierimpul- Mitnahme mehr bewirkt 
sen an den rechten Ventrikei des Patienten. einer 

AVesc-Einrichtung zur Vorgabe und Zeitsteuerung 6. Schrittmachersystem nach Anspruch 5, wobei die 

eines AV-Escapeintervalls ab dem Auftreten eines Analysiereinrichtung einei Zeitsteuereinrichtung 

wahrgenommenen atriellen Signals, und einer Syn- so aufweist, um in einem VP-FFRS- oder VP-QRS- 

chron-Steuereinrichtung zum Steuern der Abgabe Ereignis oder eine Vorerregung ein Knie zu bestim- 

von ventrikuiaren Stimulierinpulsen bei Ablauf des men, das einem bestimmten Wert in der Folge von 

AV-Escapeintervalls und fehlender Wahrnehmung auf diese Weise gesuchten AV-Escapeintervallen 

eines ventrikuiaren Signals, gekennzelchnet entspricht. 

durch eine FFRS-, QRS- oder Ventrikuiarseptal- ss 

Vorerregungs-Wahrnehmeinrichtung zum Erfassen 7. Schrittmachersystem nach Anspruch 6. wobei die 

von FFRS- oder QRS-Ereignissen oder Ventrikuiar- Einstelleinrichtung eine Einrichtung zum VerkOrzen 

septal-Voren-egungen im AnschluB an abgegebene des AV-Escapeintervalls auf einen Wert aufweist, 
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der urrterdemdemKnie entsprechenden AV-Esca- gebenen atriellen Stimullerimpulses vorgibt und 

peintervall liegt. zeitlich steuert 

8. Schrittmachersystem nach einem der vorhergehen- 1 5. Zweikammerschrittmacher nach Anspruch 1 , f erner 
den Anspruche mit einer Sucheinrichtung zum Vari- 5 gekennzeichnet durch: 

ieren des AV-Escapeintervalls uber dessen 

jeweilige Werte entsprechend einem vorbestimm- eine AV-Varliereinrichtung zum Varlieren des 

ten Suchmuster. vwobei die Analysiereinrlchtung AV-Escapeintervalls entsprechend einem vor- 

eine Dateneinrichtung zum Sammein von FFRS-, gegebenen Suchmuster. 

QRS- Oder VentrikularseptalVoren-egungs-Date io eine MeBeinrichtung zum Erfassen eines 

aufweist, die mindestens eine dem jeweiligen Wert MaRes von QRS-Komplexen, die be! den vari- 

des AV-Escapeinten/alls innerhalb der Suche ent- ierten AV-Escapeintervallen von einem abge- 

sprechende Eigenschafl eines FFRS- oder QRS- gebenen VentrikOIarimpuis hervorgemfen 

Ereignisses oder einer Ventrikuldrseptal-Vorerre- werden. 

gung angibt. 6'"® programmierbare Stapeldateneinrichtung 

zum Sammein von Daten, die jeweils QRS- 

9. Schrittmachersystem nach Anspruch 8. wobei die MeBsignale und entsprechende Werte des AV- 
Analysiereinrichtung ferner eine Fusionseinrich- Escapeintervalls angeben, und 

tung aufweist. urn die gesammelten Daten zur eine programmierbare Analysiereinrichtung 

Bestimmung eines Wertes des AV-Escapeintervalls 20 zum Analysieren der gesammelten Daten. urn 

analysiert, der der Bruchstelle zwischen Stimula- einen dem Einsetzen von Fusionen entspre- 

tion mit vollerMitnahme und Fusion entspricht. chenden Wert des AV-Escapeinten/alls zu 

bestimmen, 

10. Schrittmachersystem nach Anspruch 8 mit einer wobei die AV-Escapeeinrichtung eine Einstell- 
Programmiereinrichtung zum Programmieren der 2S einrichtung zum Bnstellen des AV-Escapein- 
Sucheinrichtung derart, da3 sie rriit der Durchfuh- ten^alls als Funktion des dem Einsetzen von 
rung des Suchmusters beginnt. Fusionen entsprechenden bestimmten Wertes 

des AV-Escapeinten^alls aufweist 

11. Schrittmachersystem nach Anspruch 8 mil einer 

die Analysiereinrichtung aufweisenden externen 30 16. Schrittmachersystem nach Anspruch 15, wobei die 

Programmiereinrichtung und einer Telemetrieein- Stapeldateneinrichtung eine Einrichtung zum Sam- 

richtung zur telemetrischenUbertragung der Daten mein von Daten aufweist. die die Dauer von bei 

an die externe Programmiereinrichtung. jeweiligen Escapeinten^allen hervorgerufenen 

QRS-Signalen angeben. 

12. Schrittmachersystem nach Anspruch 8, wobei die 3S 

vorgegebene Eigenschaft des FFRS- Oder QRS- 17. Schrittmachersystem nach Anspruch 16 mit einer 

Ereignisses oder der Ventrikuiarseptal-Vorerregung FFRS-Einrichtung zum Erfassen von FFRS-Signa- 

dessen bzw. deren Dauer isl. mit einer Einrichtung. len aus den im Atrium des Patienten wahrgenom- 

die den Wert dieser Dauer bei einem gegebenen menen Signalen. wobei die Analysiereinrichtung 

AV-Escapeintervall mit dem Wert der Dauer ent- 4o eine Einrichtung zum Analysieren der FFRS- 

sprechend dem ndchstkurzeren Wert des AV-Esca- Signale zum Bestimmen eines MaBes der QRS- 

peintervalls vergleicht und den kOrzesten Wert des Dauer aufweist. 
AV-Escapeintervalls bestimmft, be! dem der Ver- 

gleich eine uber einem vorgegebenen Faktor lie- ia Schrittmachersystem nach Anspruch 15, wobei die 
gende Differenz iieferi 45 Stapeldateneinrichtung eine Einrichtung zum Sam- 
mein von Daten aufweist, die die Amplitude der her- 
13- Schrittmachersystem nach Anspruch 1, wobei die vorgerufenen QRS-Komplexen angeben, 
Analysiereinrichtung eine Einrichtung zum Bestim- 
men des langsten AV-Escapeintervalls. das dem 19. Schrittmachersystem nach Anspruch 18 mit einer 
Auftreten eines bestimmten Fusionsgrades ent- so FFRS-Einrichtung zum Erfassen von FFRS-Signa- 
spricht, und zur Erzeugung einer Anzeige eines AV- len aus den im Atrium des Patienten wahrgenom- 
Escapeintenalls aufweist. das gerade unter dem menen Signalen. wobei die Analysiereinrichtung 
besagten entsprechenden Intervall liegt eine Einrichtung zum Analysieren der FFRS- 

Signale zum Bestimmen eines I\^a8es der QRS- 

14. Schrittmachersystem nach Anspruch 1 mit einer ss Dauer aufweist. 
atriellen Stimuli erelnrichtung zur Abgabe atrieller 

Stimulierimpulse. wobei die AVesc-Einrichtung ein 20. Schrittmachersystem nach Anspruch 15. wobei die 

AV-Escapeintervall ab dem Auftreten eines abge- StapeWateneinrichtung eine Einrichtung zum Sam- 
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mein von Daten aufweist, die die Zeitintervalle zwi- 
schen abgegebenen ventrikuldren 

Stimulierimpulsen und den daraus resultierenden 
hervorgerufenen QRS-Signalen entsprechend 
mehreren Werten des AV-Escapeintervalls ange- 5 
ben. 

21. Schrittmachersystem nach Anspruch 20, wobel die 
Stapeldateneinrichtung eine Einrichtung zum 
Erfassen von FFRS-Signalen aufweist und die Ana- 10 
lysiereinrichtung eine Einrichtung zum Bestimmen 
von Zeitinten/allen von abgegebenen ventrikuldren 
Stimulierimpulsen an bis zu den FFRS-Signalen 
enth&lt. 

IS 

22. Schrittmachersystem nach Anspruch 15» wobel das 
System ferner eine externe Programmiereinrich- 
tung zum Aktivieren der StapekJaten- und der Ana- 
lyslereinrichtung aufweist 

20 

23. Schrittmachersystem nach Anspruch 22 mit exter- 
nen EKG-Leitungen zum Zufuhren der Signale an 
die atrieile und die ventrikuldre Wahrnehmeinrich- 
tung. 

25 

24. Schrittmachersystem nach Anspruch 22 mit einer 
Telemetrieeinrichtung zur Ubertragung der gesam- 
melten Daten an die Programmiereinrlchtung. 

25. Zweikammer-Schrittmachersystem nach Anspruch 30 
1, wobei die Zeitdauer zwischen einem abgegebe- 
nen ventrikuiaren Stimulierirrpuls und einem 
anschlieBenden, hervorgerufenen QRS-Ereignis 
von einer Zeitsteuereinrichtung gemessen und eine 
Obereinstimmung zwischen einem entsprechend 3s 
einem vorgegebenen Variationsmuster variierten 
AV-Escapeintervali und der Zeitdauer bestimmt 
wird, mit ferner 

einer Analysiereinrichtung zum Analysieren 40 
der gemessenen Zeitdauern, um einen dem 
Einsetzen von Fuslonen entsprechenden Wert 
des AV-Escapeintervalls zu bestimmen. 

26. Schrittmachersystem nach Anspruch 25, wobei die 45 

Zeitsteuereinrichtung in jedem einen abgegebenen 
ventrikuiaren Stimuli erlmpuls enthaltenden Schritt- 
macherzyHus kontinulerllch arbeitsfdhig ist und die 
Einstelleinrlchtung den Wert des AV-Escapeinter- 
valls nach einer Bestlmmung des Einsetzens von so 
Fusionen einstelit. 

27. Schrittmachersystem nach Anspruch 25 mit einer 
Programmiereinrlchtung zur AnSteuerung der Zeit- 
steuer- und der Anaiysiereimichtung. s$ 

28. Schrittmachersystem nach Anspruch 27 mit den 
Patient mit der atriellen und der ventrikuiaren Wahr- 



nehmeinrichtung verbindenden EKG-Leitungen. 

29. Schrittmachersystem nach Anspruch 27 mit einer 
Telemetrieeinrichtung zum Ubertragen von die Zeit- 
dauer-MefBwerte angebenden Daten an die Pro- 
grammiereinrichtung. 

Revendlcations 

1. Syst^e de stimulation cardiaque a deux cham- 
bres. comportant des moyens de detection auricu- 
laire pour d§tecter des signaux provenant d*une 
oreiilette d*un patent, des moyens de detection 
ventriculaire pour d^tecter des signaux ventriculai- 
res provenant d'un patient, des moyens de stimula- 
tion ventriculaire pour produire et d6livrer des 
impulsions de stimulation ventriculaire audit ventri- 
cule droit du patient, des moyens de r^lage de 
AVq3q pour le r^glage et le cadencement d*un inter- 
valle auriculoventriculaire AV d'6chappement a par- 
tir de I'apparition d'un signal auriculaire d^tectd, et 
des moyens de commande de synchronisation pour 
commander la d^livrance d'impulsions de stimula- 
tion ventriculaire du d^passement de temps dudit 
intervalle AV d'^happement en Tabsence d'un 
signal ventriculaire d6tect§, caract6ris6 par des 
moyens de detection d*un signal FFRS. d*un signal 
QRS ou d'une pr^-excitation septale ventriculaire 
pour la detection de signaux FFRS. de signaux 
QRS ou d*une pr6-excitation septale ventriculaire a 
la suite d'impulsions de stimulation ventriculaire 
d61ivr6es, comportant en outre des moyens d*ana- 
lyse pour analyser lesdits signaux FFRS d6tect6s, 
lesdits signaux QRS datect^s ou ladite pra-excita- 
tion septale ventriculaire datectae et daterminer. a 
partir de variations desdits signaux FFRS datectas, 
desdits signaux QRS datectas ou de ladite pra- 
excitation septale ventriculaire datectae, une valeur 
optimisae dudit intervalle AV d'achappement, les- 
dits moyens de raglage de AV^ comportant des 
moyens d'ajustement pour ajuster ledK intervalle 
AV d'achappement en fbnctlon de ladite valeur opti- 
misae. 

2. Systame de stimulateur cardiaque selon la revendi- 
cation 1 , comprenant des moyens de cadencement 
pour commander de fagon cadencae les intervalles 
de temps respectifs entre des impulsions de stimu- 
lation ventriculaire daiivraes et commander de 
fa^on cadencae les signaux FFRS datectas sui- 
vants, les signaux QRS datectas suivants ou la pra- 
excitation septale ventriculaire datectae suivante, 
et dans lequel lesdits moyens d'analyse compor- 
tent des moyens de datermination pour daterminer 
ladite valeur optimisae a partir desdits intervalles 
de temps. 

3. Systame de stimulateur cardiaque selon la revendl- 



13 



25 



EP 0 812 222 B1 



26 



cation 1. dans lequel lesdits moyens d'analyse pos- 
sddent des moyens pour d6termlner I'lntervalle 
AVqsc c|ui correspond approximativement au coude 
de ladite s^uence d'intervalies de temps des 
signaux FFRS d§tect6s, des signaux QRS d6tect6s 
ou des pr^-excitations septaies ventriculaires 
d^tect^es. ledit coude ^tant un point sur les cour- 
bes de variation du param^tre concern^ en fonction 
de AV. apparaissant au d^but de la fusion. 

4. Syst^me de stimulateur cardiaque selon la revendi- 
cation 1 , 2 ou 3. comprenant des moyens de deter- 
mination de dur^es pour determiner les dur6es de 
signaux FFRS d^tectds ou de signaux QRS d^tec- 
t6s, et dans lequei lesdits moyens d'analyse com- 
portent des moyens pour determiner ladite valeur 
optimisee k partir desdites dur^es. 

5. Systeme de stimulateur cardiaque selon la revendi- 
cation 1, 2. 3 ou 4. dans lequel lesdits moyens de 
r6glage de AV^sc comprennent des moyens d*exa- 
men de AV servant k augmenter p6riodiquement 
ledit intervalle AV d*echappement depuis une 
valeur, pour laquelle une impulsion de stimulation 
ventriculaire atteint une capture complete vers une 
valeur pour laquelle Timpulsion de stimulation ven- 
triculaire ne permet pas d'obtenir la synchronisation 
compile. 

6. Syst^me de stimulateur cardiaque selon la revendi- 
cation 5, dans lequel lesdits moyens d'analyse pos- 
sedent des moyens de cadencement pour 
determiner un coude de VP-FFRS ou de VP-QRS 
ou de pre-excitation qui correspond k une valeur 
particuliere dans ia serie d'intervalies d'echappe- 
ment AV ainsi examines. 

7. Systeme de stimulateur cardiaque selon la revendi- 
cation 6. dans lequel lesdits moyens d'ajustement 
comprennent des moyens pour reduire llntervalle 
AV d'echappement k une valeur inferieure k Tinter- 
valle AV d'echappement correspondant audit 
coude. 

8. Systeme de stimulateur cardiaque tel que decrit 
dans I'une quelconque des revendicatlons prece- 
dentes, comprenant des moyens d'examen pour 
modifier ledit intenmlle AV d'echappement en par- 
courant des valeurs respectives de cet intervalle 
conformement k une configuration d'examen pre- 
determinee, et dans lequel lesdits moyens d'ana- 
lyse comprennent des moyens de donnees pour 
collecter des donnees de FFRS, des donnees de 
QRS ou des donnees de pre-excitation septale ven- 
triculaire, representatives d'au moins une caracte- 
ristique FFRS, une caracteristique QRS ou une 
caracteristique de pre-excitation septale ventricu- 
laire. predeterminee. corespondant k chaque 



valeur de I'lntervalle AV d'echappement au cours 
dudit examen. 

9. Systeme de stimulateur cardiaque selon la revendi- 
5 cation 8. dans lequei lesdits moyens d'analyse 

comprennent en outre des moyens de determina- 
tion de la fusion pour I'analyse desdites donnees 
collectees pour determiner une valeur de I'intervaile 
AV d'echappement correspondant au point d'inter- 
10 ruption entre la stimulation k capture complete et la 
fusion. 

1 0. Systeme de stimulateur cardiaque selon la revendi- 
cation 8. comprenant des moyens formant pro- 

is grammateur pour programmer le declenchement 
desdrts moyens d'examen pour {'execution dudit 
profil d'examen. 

1 1 . Systems de stimulateur cardiaque selon la revendi- 
20 cation 8, comprenant des moyens formant pro- 

grammateur externe comportant lesdits moyens 
d'analyse, lesdits moyens de teiemetrie pour ia 
transmission teiemetrique desdites donnees 
auxdits moyens formant programmateur externe. 

25 

12. Systeme de stimulateur cardiaque selon la revendi- 
cation 8. dans lequel ladite caracteristique prede- 
terminee du signal FFRS, du signal QRS ou de la 
pre-excitation septale ventriculaire est la duree du 

30 signal FFRS, du signal QRS ou de la pre-excrtation 
septale ventriculaire, et comprenant des moyens 
pour comparer la valeur de la duree du signal 
FFRS, du signal QRS ou de ia pre-excitation sep- 
tale ventriculaire, pour un intervalle AV d'echappe- 

35 ment donne k la valeur de duree du signal FFRS, 
du signal QRS ou de la pre-excitation septale ven- 
triculaire correspondant k la valeur plus courts sui- 
vante de llntervalle AV d'echappement et pour 
determiner la valeur la plus courte de llntervalle AV 

40 d'echappement. pour laquelle ladite comparaison 
produit une difference superieure k un facteur pre- 
determine. 

1 3. Systeme de stimulateur cardiaque selon la revendi- 
45 cation 1. dans lequel lesdits moyens d'analyse 

comprennent des moyens pour determiner I'inter- 
vaile AV d'echappement le plus long qui correspond 
k I'apparition d'un certain degre de fusion ou pour 
fournir une indication d'un intervalle AV d*echappe- 
50 ment juste un peu plus court que ledit intervalle cor- 
respondant. 

14. Systeme de stimulateur cardiaque selon la revendl- 
cation 1, comprenant en outre des moyens de sti- 

55 mulation auricuiaire servant k deiivrer des 
impulsions de stimulation auricuiaire, et dans lequel 
lesdits moyens de reglage de reglent et com- 
mandent de iagon cadencee un intervalle d'echap- 
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pement ^ partir de Tapparition d'une impulsion de 
stimulation auriculaire d6livr6e. 

15. Systems de stimulateur k deux chambres tel 
qu*indiqu6 dans la revendication 1 . caract6ris§ en s 
outre en ce qu*il comporte : 

des moyens de modification de AV servant k 
modifier ledit intervalle AV d'6chappement con- 
fbrm6ment k un profil de recherche pr6d6ter- io 

min6; 

des moyens de mesure pour d6tecter une 
mesure d'ondes QRS d6clench§es par une 
impulsion ventriculaire d6livr6e, formant lesdits 
intervalles d* 6chappement AV modifies. is 
des moyens programmatjies de collecte de 
donn^es de lots pour collecter des donn6es 
representatives de signaux respectifs de 
mesure du signal QRS et de valeurs con-es- 
pondantes tfun intervalle AV d*6chappement. 20 
des moyens d'analyse programmables pour 
analyser iesdites donn^es collect^es pour 
determiner une valeur de Tintervalle AV 
d'^chappement correspondant au d^but de la 
fusion, et 25 
lesdits moyens d'6chappement AV comportant 
des moyens d'ajustement servant k ajuster 
ledit intervalle AV d'^chappement en fonction 
de ladite valeur determines de . Tintervalle 
d'echappement correspondant au debut de la 30 
fusion. 

16. Systeme de stimulateur cardiaque selon la revendi- 
cation 15. dans lequel lesdits moyens de collecte 

de donnees de lots comprennent des moyens pour 35 
collecter des donn6es representatives de la duree 
de signaux QRS dedenches. pendant des interval- 
les d'echappement respectifs. 

1 7. Systeme de stimulateur cardiaque selon la revendi- 40 
cation 1 6, comprenant des moyens de detection de 
signaux FFRS servant k detecter des signaux 
FFRS k partir des signaux detectes k partir de 
i'oreillette du patient, et dans lequei lesdits moyens 
d'analyse comportent des moyens pour analyser 45 
lesdits signaux FFRS pour determiner une mesure 

de la duree des signaux QRS. 

18. Systems de stimulateur selon la revendication 15. 
dans lequel des moyens de donnees de lots com- so 
prennent des moyens pour collecter des donnees 
representatives de Tamplitude des ondes QRS 
declenchees. 

19. Systeme de stimulateur selon la revendication 18, ss 
comprenant des moyens de detection de signaux 
FFRS pour detecter des signaux FFRS k partir des- 
dits signaux detectes provenant de rorelllette du 



patient, et dans lequel lesdits moyens d'analyse 
comprennent des moyens pour analyser lesdits 
signaux FFRS pour determiner une mesure de la 
duree du signal QRS. 

20. Systeme de stimulateur selon la revendication 15, 
dans lequel lesdits moyens de collecte de donnees 
de lots comprennent des nwyens pour collecter des 
donnees representatives des intervalles de temps 
entre des impulsions de stimulation ventriculaire 
deiivrees et des signaux QRS dedenches resul- 
tants con-espondant k une pluralite de valeurs de 
llntervalle AV tfechappement. 

21. Systems de stimulateur selon la revendication 20, 
dans lequel lesdits moyens de collecte de donnees 
de lots comprennent des moyens pour detecter des 
signaux FFRS, et dans lequel lesdits moyens 
d'analyse comprennent des moyens pour determi- 
ner des intervalles de temps & partir dimpulslons 
de stimulation ventriculaire deiivrees auxdits 
signaux FFRS. 

22. Systems ds stimulateur selon la revendication 15. 
dans lequel ledit systems comprend en outre des 
moyens formant programmateur externe pour acti- 
ver lesdits moyens de collecte de donnees de tots 
et lesdits nrioyens d'analyse. 

23. Systeme de stimulateur selon la revendication 22, 

comprenant en outre des conducteurs des tils ext6- 
rieurs de transmission d'eiectrocardiogrammes 
pour envoyer des signaux auxdits moyens de 
detection auriculaire et auxdits moyens de detec- 
tion ventriculaire. 

24. Systeme de stimulateur selon la revendication 22. 
comprenant en outre des moyens de teiemetrie 
pour transferer Iesdites donnees coilectees audit 
programmateur. 

25. Systems de stimulateur selon la revendication 1. 
dans lequei Tintervalle de temps entre une impul- 
sion de stimulation ventriculaire deiivree et un 
signal QRS dedenche suivant est mesure par des 
moyens de cadencement, et une correspondence 
d6termin6e entre un intervalle AV d'6chappement 
mxxtifie conformement k un profil de variation pre- 
determine, est modifies en fonction d'un profil de 
variation predetermine et dudit intervalle de temps, 
et comprenant en outre : 

des moyens d'analyse pour analyser Iesdites 
mesures d'intervalles de temps pour detemni- 
ner la valeur d'un intervalle AV d'echappement 
correspondant au debut de la fusion. 

26. Systeme de stimulateur selon la revendication 25, 
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dans lequel lesdits moyens de cadencement peu> 
vent agir continOment sur chaque cycle du stimula- 
teur ayant une impulsion de stimulation 
ventriculaire d6livr6e, et lesdits moyens d'ajuste- 
ment ajustent la valeur de I'intervalle AV d'^chappe- s 
ment lors d'une d^ermination du d^but de fusion. 

27. Syst^me de stimulateur selon la revendication 25, 
comprenant des moyens formant programmateur 
servant k valider lesdits moyens de cadencement io 
et lesdits moyens d'anatyse. 

28. Syst^me de stimulateur selon la revendlcation 27. 
comprenant des fils de transmission d'^lectrocar- 
diogrammes connects entre ledit patient et lesdits 75 
moyens de detection auriculaire et lesdits moyens 

de detection ventriculaire. 

29. Syst^me de stimulateur selon la revendication 27. 
comprenant des moyens de t6l6m§trie pour trans- 20 
mettre des donn^es repr^enlatives desdites 
mesures d'intervaile de temps audit programma- 
teur. 
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